Obesity · Weight loss · Eating behaviors · Health related quality of life · Women Summary Background: To examine the effects of a short-term weight reducing program on body composition, eating behaviors, and health-related quality of life (HRQL) of sedentary obese women characterized by different obesity degrees. Methods: 44 women with a BMI under 34.9 kg/m 2 and 39 women with a BMI above 35 kg/m 2 were studied. Fat mass and lean mass (electrical bioimpedance), eating behaviors (Three-Factor Eating Questionnaire), and HRQL (36-item short form, SF-36, questionnaire) were determined before and after weight loss. Results: Disinhibition and hunger scores and their subscales decreased after weight loss in both groups (0.0001 < p < 0.04). Restriction increased after weight reduction in all women (p = 0.02). Among the five restriction subscales, flexible restriction increased in women with a BMI above 35 kg/m 2 (p = 0.008), whereas rigid restraint and avoidance of fattening foods increased in both groups (0.006 < p < 0.02). SF-36 Mental Component Score increased after weight loss in all women (p < 0.0001). Conclusion: A 3-week weight reducing program changes selected eating behaviors and components of HRQL, irrespective of women's obesity degree. Data suggest that women with a BMI above 35 kg/m 2 could have a better weight control in the long term because of their higher flexible restriction after weight loss when compared to those whose BMI was under 34.9 kg/m 2 .
To examine the effects of a short-term weight reducing program on body composition, eating behaviors, and health-related quality of life (HRQL) of sedentary obese women characterized by different obesity degrees. Methods: 44 women with a BMI under 34.9 kg/m 2 and 39 women with a BMI above 35 kg/m 2 were studied. Fat mass and lean mass (electrical bioimpedance), eating behaviors (Three-Factor Eating Questionnaire), and HRQL (36-item short form, SF-36, questionnaire) were determined before and after weight loss. Results: Disinhibition and hunger scores and their subscales decreased after weight loss in both groups (0.0001 < p < 0.04). Restriction increased after weight reduction in all women (p = 0.02). Among the five restriction subscales, flexible restriction increased in women with a BMI above 35 kg/m 2 (p = 0.008), whereas rigid restraint and avoidance of fattening foods increased in both groups (0.006 < p < 0.02). SF-36 Mental Component Score increased after weight loss in all women (p < 0.0001). Conclusion: A 3-week weight reducing program changes selected eating behaviors and components of HRQL, irrespective of women's obesity degree. Data suggest that women with a BMI above 35 kg/m 2 could have a better weight control in the long term because of their higher flexible restriction after weight loss when compared to those whose BMI was under 34.9 kg/m 2 .
Introduction
In 2006, the prevalence of obesity reached 12.4% in France, whereas in 1997 and 2003 it was only 8.2 and 11.3%, respectively. This increase from 1997 to 2006 seems to be, however, more important in women (64%) than in men (40%) [1] . Obesity is also well-known to have genetic and environmental causes [2] . Considering environmental risk factors, obesity may result from energy imbalance due to insufficient physical activity [3] and/or hypercaloric diet [4] . Previous studies have reported that changes in both eating and exercise behaviors are more effective at reducing weight than an approach focusing on either behavior alone [5, 6] . The relationships of eating behaviors with obesity are well recognized [7, 8] . Indeed, obese subjects generally display higher scores for disinhibition [8] [9] [10] and susceptibility to hunger [8, 11] than normal-weight individuals. Moreover, these eating behaviors were already found to be positively associated with women's adiposity, irrespective of their age, menopausal status and energy intake [8] , whereas cognitive dietary restraint was negatively correlated with energy intake [12] . Longitudinal experiments have already investigated the impact of very low-calorie diet (medically defined as being 800 kcal/day or less [7, 11] ), behavioral changes [13, 14] , surgery [15] , or aerobic exercise combined with caloric restriction [16] on eating behaviors in women. However, with the exception of one study performed on obese men who were subjected to a progressive weight reducing program [17] , none of them has examined yet the effect of weight loss on eating behavior subscales in individuals with different obesity degrees.
On the other hand, obesity is known to deteriorate health related quality of life (HRQL) [18, 19] . Although there is no standard definition of HRQL, it is well accepted as being a subjective, multidimensional assessment of the physical, psychological, and social domains of health [20, 21] . Indeed, Doll Riesco/Rossel/Rusques/Mirepoix/Drapeau/ Sanguignol/Mauriège et al. [22] and Kolotkin et al. [23] , examining the relationship between obesity and quality of life assessed by the SF-36 questionnaire, found that increasing obesity degrees were associated with decreasing physical well-being, regardless of the presence or absence of other chronic medical conditions. Fontaine et al.
[24] also suggested that long-term treatment induced weight loss among mildly to moderately overweight individuals improved HRQL and, particularly, physical functioning as well as role-physical referring to problems with work or other daily activities as a result of physical health, general health, vitality, and mental health domains. More recently, Lemoine et al. [16] reported improvements in mental well-being after a weight loss intervention in moderately obese women, irrespective of their menopausal status. However, to the best of our knowledge, no study has explored the impact of obesity degree on HRQL and its different dimensions in response to a short-term weight reducing program.
Aims of this study were thus i) to determine the effect of obesity degree in response to a 3-week weight reducing program on eating behaviors and HRQL in women and ii) to verify whether improvements in eating behaviors or HRQL could be related to body weight and/or fat mass losses.
Material and Methods

Subjects and Experimental Design
Participants recruited from the suburbs of Toulouse (in the southwest of France) were referred by their personal physician to a specialized institution located in the greater Toulouse area (Clinique du Château de Vernhes, Bondigoux, France) to participate in a weight reducing program. Among these participants, 83 healthy Caucasian pre-and postmenopausal women who were sedentary (exercising less than 30 min/week) and obese (BMI ranging from 30 to 42.4 kg/m 2 ) were included in our study. In order to examine the impact of obesity on eating behaviors and HRQL after weight loss, three groups of women were formed according to the WHO obesity definition [25] . It is important to note that menopausal status did not influence eating behaviors and HRQL in our study (not shown). However, as only 10 women showed class III obesity (BMI above 40 kg/m 2 ), but 29 women presented with class II obesity (BMI ranging from 35 to 39.9 kg/m 2 ) and 44 women with class I obesity (BMI values of 30 to 34.9 kg/ m 2 ), class II and III obesity groups were thus combined in the context of the present investigation. Therefore, 44 women aged 52 ± 10 years (mean ± standard deviation;, SD) whose BMI ranged from 30 to 34.9 kg/m 2 and 39 women aged 53 ± 11 years with a BMI from 35 to 50.4 kg/m 2 participated in our study. None of the women had identified disease, e.g. cardiomyopathy, endocrine disorders which may cause irregular menstrual cycles, or orthopedic limitations that could affect physical activity. Women on medication that may potentially influence the outcomes of this study (mainly -blockers, sympathomimetics, cholesterol lowering drugs including statins, antihypertensive drugs, and thyroxine for which a dosage change occurred during the last 6 months or is expected during the course of the study) were excluded from the present study. Finally, premenopausal women using oral contraceptives and postmenopausal women on hormone therapy were also excluded. The experimental design was approved by the University Ethical Committee on Human Research for Medical Sciences, and all subjects gave their written informed consent to participate in this study conformed to the Helsinki Declaration before the beginning of the weight loss program.
Weight Reducing Program
Women were subjected to a multidisciplinary weight reducing program which combined dietary and physical activity instructions as well as psychological counseling 6 days/week during 3 weeks. During this period and regardless of their obesity degree, all women had four meals per day: a breakfast, a lunch, a snack and a dinner, and received a dietary plan (1,400 ± 200 kcal/day) which was composed of 20-25% proteins, 25-30% lipids, and 50-55% carbohydrates; no alcohol was allowed. Participants also followed a personalized physical training program with cycle ergometer and/or walking through 1 h/day, 6 days a week, for 3 weeks. Subjects' heart rate (HR) was continuously monitored using a cardiofrequencemeter (Polar, FS1 type, Kempele, Finland) and intensity of exercise was set at 50% of their hypothetical maximal HR calculated from the following equation: 220 -age, where age is expressed in years.
Body composition, eating behaviors (restriction, disinhibition, and hunger scores as well as their corresponding subscales assessed by the Three-Factor Eating Questionnaire (TFEQ)) and HRQL (reflected by the SF-36 Physical Component and Mental Component Scores) were determined before and after the 3-week weight reducing program.
Body Composition
Body weight was measured to the nearest 0.1 kg using an electronic scale. Height was determined to the nearest 0.5 cm at head level, using a tape measure fixed to the wall, while subjects, in light clothing without shoes and in standing position, were looking straight ahead, their shoulders and buttocks against the wall, as well as joined feet and arms hanging on both sides. BMI was calculated as the ratio of weight (kg) to square height (m 2 ). Fat mass and lean mass were measured by a standard electric bioimpedance technique (Bodystat 1500, Isle of Man, UK). Waist girth, obtained using a graduated flexible tape when subjects were in standing position, was measured at the narrowest circumference of the trunk. Waist circumference was chosen as a crude index of abdominal fat accumulation as it shows a high correlation with visceral adipose tissue accumulation assessed by computed tomography [26] . Anthropometric and body composition measures were repeated twice and then averaged [16] .
Eating Behaviors
A French version of the TFEQ was completed by our participants before and after the weight reducing program. The TFEQ is a 51-item questionnaire initially developed by Stunkard and Messick [27] and validated for the French population [28] . Table 1 describes the three eating behaviors and their corresponding subscales with their respective range score. This questionnaire has already been validated in large cohorts which included middle-aged non-obese and obese men and women [8] , and its three scales have been reported to show good test-retest reliability [27, 28] . In addition, two of five subscales of TFEQ restriction, i.e. flexible and rigid controls, have been validated by Westenhoefer [29] and Westenhoefer et al. [30] , and the eight other TFEQ subscales have been largely described by Bond et al. [31] . Although several studies have already used the TFEQ to examine eating behaviors after weight loss [14, 16, 17, 32, 33] , only one of them [17] has considered the different subscales in this context.
Health Related Quality of Life
HRQL was measured using the French version of the Medical Outcomes Study SF-36 Health Survey questionnaire [34] which is composed of 36 items that assess the following eight HRQL dimensions or scales: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health. For each of the eight domains, scores were transformed linearly to a scale ranging from 0 (maximal impairment) to 100 (no impairment). Physical functioning, role physical, and bodily pain reflect the physical component score (PCS), whereas general health, vitality, social functioning, role emotional, and mental health comprise the mental component score (MCS). The eight dimensions were transformed to a scale of 0-100, and the two summary scales were ag-gregated from z-score transformations of the eight dimensions and then transformed to a mean of 50 and a standard deviation of 10 [35] .
Calculation of PCS and MCS was performed using the following equations [35] : PCS score = (PCS z-score × 10) + 50 (3).
MCS score = (MCS z-score × 10) + 50 (4).
However, among the 83 women selected for the purpose of our study, only 54 (25 women with a BMI under 34.9 kg/m 2 and 29 women with a BMI above 35 kg/m 2 ) agreed to complete this questionnaire before and after the intervention planned.
Statistical Analysis
Results are given as means ± standard error (SE) in figures and as means ± standard deviation (SD) in tables. The primary outcome variables (eating behaviors and HRQL) assessed before and after weight reduction were compared between two groups of women according to their obesity degree. A two-way analysis of variance (ANOVA) with repeated measures on one factor (time) was performed to compare women with a BMI lower than 34.9 kg/m 2 with those whose BMI was greater than 35 kg/m 2 , for eating behaviors and HRQL as well as body composition before and after weight loss. When ANOVA was significant, simple test effects were performed to detect which conditions were statistically different from each other. All analyses were conducted with the SAS statistical computer program package (SAS Institute, Carry, NC, USA), and statistical significance was set at p < 0.05.
Results
Physical characteristics at baseline of both groups of women are presented in table 2. As expected, body weight and fat mass were higher in women characterized by a BMI greater than 35 kg/m 2 than in women with a BMI lower than 34.9 kg/ m 2 . However, age and lean mass were not significantly different between groups. Riesco/Rossel/Rusques/Mirepoix/Drapeau/ Sanguignol/Mauriège lowest versus the highest obesity degree. Not surprisingly, fat mass reduction was more important in women with a BMI above 35 kg/m 2 than in those whose BMI was lower than 34.9 kg/m 2 (-2.5 ± 1.9 kg vs. -1.8 ± 1.0 kg; p < 0.0001) (mean ± SD). Lean mass decrease (p < 0.02) was, however, comparable in both groups (table 2) .
Effect of the Weight Reducing Program on Eating Behaviors (TFEQ) in Women according to Their Obesity Degree
Before and after weight loss, women had similar eating behaviors (restriction, disinhibition, and hunger as well as their corresponding subscales), irrespective of their obesity degree. Although, the restriction score ( fig. 1a ) increased (p = 0.004), both disinhibition ( fig. 2a) and hunger (fig. 3a) scores decreased in both groups (p < 0.0001), after weight loss. Changes in eating behaviors were similar, irrespective of women's obesity (p values ranging from 0.14 to 0.79).
Analysis of the TFEQ subscales scores revealed a lack of between-group differences before and after weight loss. As shown in figure 1b, flexible restriction increased in women with a BMI above 35 kg/m 2 only (p < 0.02), whereas rigid restraint and avoidance of fattening food scores increased similarly in both groups (p values ranging from 0.005 to 0.01). The three disinhibition and two hunger subscales scores were also decreased after weight loss in women (p values ranging from 0.0001 to 0.03), irrespective of their obesity degree ( fig. 2b, 3b) . 
Effect of the Weight Reducing Program on Body Composition in Women according to Their Obesity Degree
Body weight and thus BMI decreased in both groups in response to weight reduction (p < 0.0001). Body weight loss and BMI decrease were similar when comparing women with the As illustrated in figure 4 , SF-36 PCS remained unchanged in both groups after weight loss (-0.9 ± 5.1 vs. 1.1 ± 6.5; p = 0.21), whereas SF-36 MCS increased by 10.1 ± 11.5 in all women after weight loss (p < 0.0001).
Relationships between Body Composition Assessed at Baseline and after Weight Loss and Changes in Eating Behaviors or HRQL
Correlational analyses were performed to verify whether changes in eating behaviors and HRQL could be related to women's body composition at baseline or after weight reduction according to their obesity degree. In the 83 women considered, positive relationships were observed between basal BMI and changes in both restriction (r = 0.27; p < 0.05) and attitude of self-regulation (r = 0.22; p = 0.05) scores. However, BMI reductions or fat mass losses were not related to changes in eating behaviors or HRQL scores (-0.15 < r < 0.24; 0.06 < p < 0.98). Finally, high levels of restriction at baseline were associated with fat mass reductions (r = -0.36; p < 0.05) exclusively in women with a BMI above 35 kg/m 2 .
Discussion
The present study was conducted to determine the impact of a 3-week weight reducing program on eating behaviors and HRQL in sedentary women taking into account their obesity degree. Whether improvements in eating behaviors and/ or HRQL could be related to women's body composition at baseline or after weight loss was also examined.
Our data showed a similar decrease in body weight and fat mass in all women who participated to the short-term weight reducing program. The decrease in body weight (and thus BMI) and fat mass found in both groups of our study is in good agreement with the reduction in adiposity previously observed in obese women subjected to weight reducing programs combining aerobic exercise and dietary restriction [36] [37] [38] . The fact that our participants lost a similar fat mass as women subjected to long-term (3-to 6-month) weight reducing programs with comparable [38] or less rigid caloric restriction [36, 37] indicates that short-term low-intensity physical activity associated with caloric restriction seems to be sufficient to promote body weight loss in women with different obesity degrees. Furthermore, the lean mass decrease of 13% seen after the short-term weight reducing program in all women is lower than that noted at the same time of long-term (lasting from 9 to 16 weeks) very-low-or low-caloric diet studies [39] . These results confirm that combining caloric restriction with physical activity is important to allow maintenance or limit lean mass reduction [39] .
Our data revealed that all women have modified their eating behaviors after the 3-week weight reducing program, irrespective of their obesity degree. Indeed, the decreased disinhibition and hunger scores (20%) noted in both groups after weight reduction are concordant with previous observations in middle-aged obese women subjected to a long-term weight loss treatment [7] . However, the increased restriction score (11%) noted after 3 weeks of a long-term (24-week) caloric restriction in women with a BMI of 37.2 ± 5.6 kg/m 2 [7] was lower than that of women whose BMI was above 35 kg/m 2 (21%) but higher than that of participants with a BMI lower than 34.9 kg/m 2 (4%) in our 3 week-weight reducing program. Comparing our results with those of Foster et al. [7] , it can thus be hypothesized that the duration of weight loss intervention may also have an impact on how eating behaviors are affected by the intervention. Indeed, restriction appears to be more dependent on the intervention length than disinhibition and hunger scores, especially in women with a BMI above 35 kg/m 2 . The positive relationship found between basal BMI and increased restriction suggests that high BMI at baseline was associated with elevated restriction after weight loss. In this regard, increased restriction was already shown to be one of the best predictors of weight maintenance after weight loss [40] . Although rigid restriction increased in all women after our 3-week weight reducing program, increased flexible restriction in women with a BMI above 35 kg/m 2 suggested a more successful weight reduction and weight loss maintenance in the long term [14, 32] . According to Westenhoefer et al. [30] , rigid restriction actually seems to be associated with higher BMI as well as with more frequent and severe binge eating episodes. These results indicate that behavioral intervention is a potential factor involved in weight control which may be included in a weight reducing program in women, especially in those with a BMI under 34.9 kg/m 2 , in order to increase flexible and decrease rigid restriction. Although participants lost approximately 2.8% of their body weight after our short-term weight reducing program, we, in contrast to Provencher et al. [33] , did not find any relationship between decreased body weight and habitual susceptibility to disinhibition and flexible restriction. However, the latter study [33] aimed at a lifestyle intervention, and not at a clinical weight reducing program as our study. The obesity degree seems to be an important factor involved in the increased restriction, even in a shortterm weight reducing program. Our results emphasize the fact that women with a BMI above 35 kg/m 2 have more favorable changes in selected eating behaviors than women with BMI values lower than 34.9 kg/m 2 . Again, restriction score appears to be the best predictor of fat mass decrease in women with a high BMI value. The lack of significant association between disinhibition or hunger scores at baseline and weight loss in our study was also concordant with previous findings reported by Foster et al. [7] .
Concerning HRQL, we found similar SF-36 PCS and MCS at baseline, irrespective of women's obesity degree. However, previous studies showed high SF-36 scores among individuals with BMI levels ranging from underweight to morbid obesity, even after statistical adjustment for age, gender, and frequency of health service utilization [18] . Overweight and obesity (reflected by BMI values of 30-40 kg/m 2 or more) have also been associated with low levels of subjective health status, especially physical well-being. Physical, but not emotional wellbeing was markedly deteriorated with increasing degrees of overweight and was reduced in obese subjects who did not show any other chronic condition [22] . Indeed, Kolotkin et al. [23, 41] reported that increased BMI was associated with impaired HRQL, and more particularly with physical function. However, all women recruited in our study should be devoid of any physical problem in order to perform regular aerobic exercise during the 3-week intervention. This criterion may partly explain the unchanged SF-36 PCS observed after weight reduction, although its already high value at baseline may also be involved. In this regard, SF-36 PCS of our participants are higher than the norm population values (being approximately 50 ± 0.2, mean ± SE) [35] . Even if adults with BMI values above 40 kg/m 2 showed a lower general health state and greater physical complications compared to individuals with a lower BMI threshold [42, 43] , our participants did not show any differences in SF-36 MCS at baseline. SF-36 MCS increased in all women, irrespective of their obesity degree. The increased SF-36 MCS noted after weight reduction is also in agreement with studies in which women participated to a program similar to ours [20, 44] . However, the lack of relationships between weight reduction and changes in eating behaviors and/or in HRQL could be due to the magnitude of weight loss achieved in our study, as it is lower than the one reported after bariatric surgery [15] or in response to longer weight reducing interventions using strategies similar to ours [45, 46] . Nevertheless, correlational analyses revealed that increases in the Physical and Mental Component Scores were related to decreased disinhibition, independently of body weight loss. A short-term weight reducing program seems thus to be sufficient to improve selected eating behaviors and components of HRQL of obese women with different obesity degrees.
Some limitations may, however, deserve further attention. As the weight reducing program of the Clinique du Château de Vernhes included dietary restriction and aerobic exercise, women recruited for the purpose of our study needed to be in good physical condition to perform regular aerobic exercise 1 h/day, 6 days a week, during 3 weeks. Therefore, women with cardiomyopathy, type 2 diabetes, endocrine disorders and/or orthopedic limitations that would have affected physical activity were excluded from our study. Therefore, the fact that obese women selected for the purpose of our study were thus rather healthy, probably more health conscious, and motivated in losing weight and improving their quality of life could also be questioned. Although consequences of possible or even likely sampling bias of the results obtained are difficult to estimate, it seems realistic to consider that our data could not be extended to the overall population. On the other hand, taking into account the short duration of our experiment (3 weeks) and the exclusion criteria listed in 'Methods', the number of women recruited for our study was unfortunately too low to consider the three different classes of obesity in our statistical analyses. Finally, although all participants received a caloric restriction of 1,400 ± 200 kcal/day (mean ± SD), irrespective of their obesity degree, this energy deficit was probably different among women with a BMI value above 35 kg/ m 2 and those whose BMI ranging between 30 and 34.9 kg/m 2 . We suggest that this issue should be better addressed in future experiments conducted on individuals with different obesity degrees.
Conclusion
Despite its short duration (3 weeks), our weight reducing program which combines aerobic physical activity and caloric restriction has an impact on selected eating behaviors and some components of HRQL of women who displayed different obesity degrees. Nevertheless, changes in restriction (flexible restriction and attitude of self-regulation) assessed by the TFEQ seem to be more important in women with a BMI above 35 kg/m 2 . Our results suggest that basal BMI of the women has to be taken into account when aiming to improve their eating behaviors. Moderate exercise combined with dieting, even in a short term, should thus be considered as a promising option to improve women's HRQL, irrespective of their obesity degree. Finally, in order to optimize clinical weight loss prescription, behavioral approaches specifically designed to increase flexible and to decrease rigid restriction scores are clearly warranted especially in women whose BMI is under 34.9 kg/m 2 .
